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flRE-RETARDANT SHEET MATERIAL 

020X734 

The present invention relates to £ i re-re t ard«n*': :: " ~ 
sheet material and especially to such sheet material vrififciSSli-." "■' ' " 
■ .S : •<? from * polyethylene composition -and intended for ^b^^^ : .'a-^'--S^: v ''''': 
the construction and building Indue tries. ^•■^S^^SS^'S 
■ f i re - re tsrdant plastic:: compos i t ions are ^n^isS^lS^^®^ -' ^ 

■ the., art.; ...The- .polymer' of such coniposlt ions is .of ten^ii^^^^^^p-^ 

vinyl chloride, or a, related polymery or the compositions ) 
^•^f cpnjt^4^^p^e.n*tia^)^^d^ as;;f^ame-re't^dajnt- i&^^^^^^f^^^f^^f 
.Althp.Mg|-/s.u«h . .ppi^p^t:i;©i«5„sray .have . . conunercia lly-a ccep.tlilie^' '. > i^iS'C 
P^fee^si there are concerns about f lame-retardant / ^SilK^C^f^ 
"V- composiU-pns. tbft ^pntain halpgeinated matter, especia^; ?, ^> 
- "tth respect to the toxicity and c^rr^si vity of the ^^^tMf^^ 

i 5- decomposition products that, may be formed when articles', X."/'^ 
V -2" fabricated from such fire-retardant compositions are. J'^Xx.", -. 
, y j ^ subjected to heat and/or fire. . •• ■./^■^f^Qj^^'J 

• Compos itions, with fire-retardarit properties. . V- 

•.,-,^;y-..--tha;t do not contain halogenated materials are also known^-^ ~-,Y ' 

Such coiiippsitions may be based on pplyolef ins, polyamidesAor " A 
1 the like and contain filler materials e^g. Bd-called \ * "J'./ : 

^••flS; - (*|(J?^b;lf i^gn^ium hy^pxid^ calc&'^ - * ; ? V 

? carbonate r antimony tri oxide, clay and the like. Such 

^ ^ compos itions are often used in the wire coating industry; u 

Sheet structures are used in the constri^ctj^^ 
^■■■■y-;' building industries. 'For exaisple, such striiictuxes may' bei ^ 
used as ceiling tiles, wall panels, vertical blinds or tl^ - 
like* It is preferable and/or necessary that such 6heet " 
structures have f laxne-retardant properties. In particular, 
) it is advantageous for such structures to be capable of 

meeting the requirements of a burn test conducted according 
to the procedures of ASTM E-84, especially tf»e. character- 
istics of Flame Spread Index (FSI) and Smoke Density (SD). 
Such characteristics may be specified in governmental 

> 

- 1 - 



I 
I 



- 2 - 0207734 

regulation* and /or be included in apecif icetions of other 
,:• organizations, e.g. the Underwriter* Laboratories of Caria^ v . v ' 
and the U.S. A., .and he embodied .in building codes or 
ife gu:i-del c i : n*B» or the like. 

A compat i':b i .1 i Bed filled polyoW^n c^po»|it|j(^gJ|;| 
compri* l i?ng' a..%drosyi^containl^ >in '*>;4 

polyolrefrin haying .a J**?^:*^^ 
; J quently compounded with a polyolef in 'having a relatively. 
j-jjjj- melt index is disclosed in Canadian Patent 884 ;935 of^^|ig||| 
, ' Gayiorid, .issued: 1981 November 02. . The encapsulation ^f'^^|^ 4 

filler may be carried out in the presence of an- ethyieni^^^:' 
<~ ly unsaturated carboxylic acid or anhydride under conditions l\ 
.. ; ;-vr that generate free radicals. ; ; ; ;; ; •• ■ • -vy.. . .^'f^- 

, : -:V : .V'> : ' In Japanese patent application 55 112 248, r ' ; ^ub|gg:-; 

5- ' lished 1980 August 29, H. Nakae >t al disclosed compositto^; 

comprising 50-300 parts of particulavte inorganic cpmpp^ndjg|;:>|:: ; ? r 
I " per 100 parts of polyolef in, and 1-50 parts of malelc^pjo||»£V"H'- 
< ; m er: per 100 parts of inorganic compound. Polyethylene : 

J having a density of 0 r 910-0. 945; g/cnn 3 aru3 a melt index of r; 
S^iK-. 0.01-2V0 dg/min is the preferred polyolef in. Maleic $6*m$$^ 
%ilr*^> was def ined as polymer containing succinic acid groijpsV + ;^ ! v L 
. , b ^ b ^£^2y maleic pqjybutadiene and pbi^^ppyiehe "graft 

modified with maleic anhydride. The maleic polymers ye^-: 
stated to be of relatively low molecular weight, preferably" 
15 1000-5000, and to melt and soften at less than 100 °C. 

It has now been found that f ire-re tardant sheet 
material may be formed from polyolef in compositions. 

Accordingly, the present invention provides a 
fire -ret ardant sheet material having a thickness of at least 
30 250 vm, said sheet material having been formed from a com- 
position comprising: 

(a) 10 to 45% by weight of the composition of a poly- 
olef in selected from the group consisting of: (i) homopoly- 
mers of ethylene and butene, (ii) copolymers of ethylene 
35 with at least one hydrocarbon alpha-olef in having 3 to 10 
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carbons r ttii) graft copblymtrs formed by 'gr^ltlug;:Q^^^^{;;./- 
by weight of at least one of an ethja*r$j^ 

■ .••■i : }V:^; : . ! ' ' ca^^ anfJ an «thyle:n4\caijr% 

• . 'Viy- acid? aiihydrlde onto a hydrocarbon -pojynt&r*. ^Ata^yv^ ' , : " . . ' 

ppJ^er^beirig -a p^qlyiner of .at 
v < butane having a melt index of less than JiPP dfl/min. and''( c iv)- ... ... 

; V / inixtur^ proviso that , at ij^f:^ 

weight; of t lie composition iB..a^d^crr^ 
/I ? fb*) 55 to 90*, by weight of the cp^jDS^i^p^.^ jpf ^ 1 ^ 

" • f iller/ said f ille^. ^ 

' ' 0 £o 60% by weight of at least one of zfchc borkte /anA ^ i/ v 

_ . S ,; T ;^ ^ pa&jfciuip carbonate; . / V _ " . ' r ; 

- : sai-d coraposition having a melt index in the range; of OvW; to, ^ 

r, v 15 dgyMn. ? and - *" ' r| 

. • : , said fire -retard ant sheet having a Flame Spread Index of \ : ^ 

D less than 150 and a Smoke Density of less than; 300^ as? St- - 
measured' by *2*e -procedures, of ASTM E-S4. 

In a preferred embodiment of the sheet nia^exl^ • 
20 of the present invention, the graft copolymer is a vmaieifc£f :: - v'i 
4 anhydride-grafted polymjer of ethylene. h ' 
In another embodiment , the sheet material ^ 
Flame Spread Index (FSI } of less than 150, especially less 
than 25, and a Smoke Density of less than 300, especially 
25 less than 50. 

The present invention also provides a composition 

comprising: 

(a) 10 to 45% by weight of the composition of a poly- 
olefin selected from the group consisting of: CD homopoly- 

30 mers of ethylene and butene, (ii) copolymers of ethylene 
with at least one hydrocarbon alpha-olefln having 3 to 10 
carbon atoms, (iii) graft copolymers formed by grafting 0.2 
to 2% by weight of at least one of an ethylenically 
unsaturated carboxylic acid and an ethylenically unsaturated 

35 carboxylic acid anhydride onto a hydrocarbon polymer, said 

j 
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hydrocarbon polymer being a polymer of at least pw of 
ethylene and butene having a ineit index of less than 0 ^: 

da/min.r *nd (iv) mi xty see thereof i. with ;t)?e: ;ppo^sp th^t;:(ft^ 
le«|t 2* by weight of the composition iB/'-swid' profit .. '{?J;'£% 

copolyjnerj . ... . • ; . v -b.rV---- • . •••v.;:^' 

(b) 55 to &0%, fey, weight of the composition, Of «; . 
filler, said, filler coipprising 4p to 100% by, weight ofj/at;* ; 
leist one of aluntina fcrihyd^ 

0 to 60* by weight of z inc bora te and /or earlciuxn casbonatef, 
said :.cproposjt : t<?r)iv. teyip^ 

4.0 dg/min. \ / - /: V " " " t ; 

■ A ; " In addition; the present, invention provider a./i, 

process for forming a f ire -re tarda nt sheet material, com-" 
prising t*^, steps of: 

(A) feeding £0 an extruder adapted for the extrusion of 
sheet a co^qsition coi^risin^: ^ _ 2 

(a) 25 to 45% by weight of the composition of a'po^-'V 
olef in selected f rom the groii£ consisting of : (i ) homopolvyp 
mers of ethylene and butene, (ii) copolymers of ethylene s A f 
with at least one hydrocarbon alpha-olef in- having 3- to IpK 
carbon atoms , (iii) graft cppolymerf. t corned by grafting 0.2 
to 2% by weight of at least erne of an ^tiylenical^y, uhaatr^ 
urated carboxylic acid/and an ethy^enically unj^tu^ted 
carboxylic acid anhydride onto a hydrocarbon polymer, 
said hydrocarbon polymer being a polymer of at least one of 
ethylene and butene having a melt index of less than 100 
dg/min., and (ivf mixtures thereof ,' with the proviso that at 
least 2% by weight of the composition is said graft 
copolymer? and 

(b) 55 to 75% by weight of the composition , of a 
filler, said filler comprising 40 to 100% by weight of at 
least one of alumina trihydrate and magnesium hydroxide and 
0 to 60% by weight of at least one of zinc borate and 
calcium carbonate; 

said composition having a melt index in the range of 0.05 to 
4.0 dg/min., 
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(B ) hea t ing said compos i t ion to a temperature above the 

me$:t£n^ of th* R6iy olef in but less than the. 

t«iflpp»?^M^ ;«£ deco^ot^ . 

it) .;^^^ : hf sa£<^i^ 9 •s^^tjjj^^ 

U d:i«^A:^;';cpoJ#^^0 t;he shs^t so obtained, said sheet havinp a j 
; V thlickine$B '*bf ; kt ikast y*ri. ••"lig&^ir!^ 



test*;**. 



In a preferred e^pd inherit; of the process of ' ;tlte£ Si }: 



prescs nt iny^nt i on f thf? conposltjon has been compounded HP^i^r - ^ 
to. being fed to the extruder adapted, for the extrusion ■ ,oh-^ ; 




-olefin. Examples' of such 
re butene-1, hexene-1 and - ^ 



one eg r: £im # especia 

• c 4 ~ Q$$*-- ; ^^ 
hydjrop^^ are 
octerier.1^"' 'THe* prefer red^po^yplefi 

ethylene and copolymers of ethylene and C4 - Clp hYdrocarbpn? 
a lpha-ol e f ins ; such pref erred poly pi e f i ns are ^en^a^ly 
ref erred to herein as polye^tl^l^he and the -pre&eni' 
Is particularly described hereinafter with reference to 
polyethylene as tlie poly olefin. 

The density of the polyethylene will depend pn : \0:- 
the intended end-use of articles, especially sheet, tkhri^ar^ 
ted from the compositions and the properties desired in such 
articles. High densities tend to give relatively stiff, 
brittle sheet whereas lower densities tend to give 
relatively flexible, tough sheet. The polyethylene will 
have densities of at least 0.890 g/cm 3 , especially 
0. 910-0. 965 g/cm 3 . In preferred embodiments, the polyethy- 
lene has a density in the range of 0.935 to 0.955 g/cm 3 and 
especially in the range of 0.940 to 0.945 g/cm 3 . 

The polyethylene preferably has a melt index in 
the range of 5-30 dg/min., especially 8-20 dg/min. Polymers 
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of broad .molecular weight distribution may exhibit b.ett^^ ; 
proc^ssabtlity *h the preparation of the compositions ;t|gm;:.^ 
polySerr oV'-nai^row ^ecjiar v.egHt distribtft'ipn.. In tgg^ 
.sheerer ipropeeis-r -thj ^^.-in^ex; -*s pref erab^^-20 dg^|||^S 
In ''j^^^yj^o^^^^- •the'jp^es : 'ent .inyeiitton, 
esp;e;cta^y ;; jfor :pp:i^er.e ; . o| '.narrow wolecu lar «fefc|ht 
dis^i^&tfr ' ; the r p^e thylene ' '!&s"'-a" melt tridex of 10 ip|fe 

In an eihbodiTnent; the polyethylene is a blend v| ; ^ 
coiifri'stn^/ls^to.;?:^ espfcially 60 to 70%, by weight, of_ 
poj|p^l^ rarig^-«f ; ;3 t^'A:;?^:- 

dg/min, me3<t Index being roeasured by the . method of ASTM _ ^ p ? 
D-1238 (Condition E). In a preferred entopdjime rift. , the 'ro|||g£: 
index of such polyethylene is in the range of 4 . to 7 dg/mi-n". . ' 
The polyethylene of such a blend also comprises 25 to ; : 

especially 30 to 40%, by weight, of polyethylene having &fi • 
melt index in the range of 30 to 80 dg/min. In a preferr^r 
embodiment, the melt index of the latter polyethylene is-^r : 
the range of . 40 to 55 dg/min. The polyethylene having tK0;^y 
higher melt index is preferably an ethylene /hydrocarbon ;r ^ ~ ; 
alpha-olefin copolymer as defined above and of lower d^nsiigy 
than the other polyethylene of the blend as polyethylenes 0f 
lower density tend to have lower melting points. The 
combination of higher melt index and lower melting point 
tends to facilitate the compounding of the compositions of 
the present invention. . 

The blend will normally be prepared by admixing » - 
at least two polyethylenes to form a blend of the intended 
composition. Such blending is preferably achieved by 
physically admixing pellets, granules, powder or other 
comminuted shapes of the polyethylenes. As an alternative,' ' 
the polyethylene blend may be a synthesized blend e.g. 
obtained by the use of multiple reactors and/or multiple 
monomer injection in an olefin polymerization process. It 
is preferred, however, that the polyethylene blend be formed 



• 7 - 0207T34 

by blending Cfynthesited polymers, not i?y in situ fynthes;l^> 

■ in a polymer-i:2>»t^bn - ; pjrpcr«»*». •'/; ;\|^" ■:: 

the- «P^Q8&0 .B.oine ;niethoils f ;pr ^^b^^^^ll^ 

ethyite^ tjh|e. •.cpra^osltiqn.. V- :^tCr 

The c^mp^osltiop'Sj of the p^es^ent Invention also 
contain 55 ^\\f^^^9^^S&^^f 55 to ' 7^ mojre: ''^Ms?^: 
particularly 60 hfcp 72*, by weight of the composition, 'bf :;a^"-:\ 
f *^V Of this filler, 40 to 10,0 part? by ^ig^ 
alumina ■ tri hydrate v*z. Al (OH) 3 and/or magnesium hydroxide'*^, 
In : erdboda me n t s , . of the f ler is ■ aiiimfne-' t r il^d^^ 
all of the f i ll^r is magnesium hydroxide. The remainder- : --<&u.r---' 
the: filler iv e . ^ 1 0 6 0 parts by Weighty is zinc r^^^j&^^f^: 
and/or calcium carbonate. It is to be understood that the^ 
coi&pB&tldTiSf •. ii&yf ^a&so • : cbnt a in pigment, especially ^' 
weight of pigment, as well as stabilizers and the ii^/^c^^?;; 
for polyethylene. Any such-pigment forms* a portibri c^'fcl^^fr,.-' 
up tb 60 parts by Weight of filler that may otherwise ;&e . : 
zinc borate and/br balcium. carbonate. In an embodiment , -v 
filler is alumina trihydrate and pigment. 

In order to facilitate processing of the pomposi^ 
tions of the invention, it is preferred that the filler havfe 
a broad particle size distribution. In an embodiment, the 
filler has a coarse fraction and a fine fraction, in which 
the major portion of the fine fraction has a particle size 
in the range of about 0.5 to 5 ym and a median of about 1.5 
pa, and a major portion of the coarse fraction has a 
particle feize in the range of about 1 ym to 35 ym and a 
median of about 12 ym. The filler should have 40 to 60% by 
weight of the coarse fraction. High proportions of fine 
particles in the composition may cause processing difficul- 
ties, especially at high filler contents, but may be advan- 
tageous with respect to properties of the sheet that is 
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obtained!.* .. 

Of the polyethylene portion of the coTWQ&$§i$k^ 
.-. of. the invent! on, :at least 2% and especially 2 to _.2J)^g^: v / 
weight of the composition is a graft copolymer. . ^he 01^0;:/ : 
''iSf' cpppiynjer is f'orme<3 by the .grafting of an ethyien^ca-l^ft'" 
uni|%i'urftteia -ct^p^^k *eif# -pv .d|-^fvati«e thereof- 
esjp*t$a|£y ;ethyie;n^il^ iinsaturatefl:?carbo^l^c- .aici^ 



anhydride, onto -a: hydrocarbon polymer backbone » >peie^i|gpy 5 r 



the aralt monomer is maleic acid or innleic Mh^r|<fe»! 
h^<3 : r^carbp)r? poller if golym^r . of; ^ at least one of ethy;3ie rie 
and butene, especially a homopolyiiier of ethylene or a ■> ^f^; 
copolymer of ethylene* witri €4 - Cjo hydrocarbon alpha-- f ; 
" olefins- -e.g. co^ol^erB of ethylene with propylene r ' 

15* butene-1, hexene-1 arid/or octene-1, or pplybutene. 

Techniques for the preparation of grafted copolymers ar^ 
'•' knbWn in the art, preferred examples of Which -a^--r : ai!i^o^^- ., 
in the Canadian patent applications of G. White and of C^| r 
Wong and R.A. Zelonka, both filed 1985 June 27. Qi^^'^y 
^ 20 copolymers may also be prepared by thermal reaction of 
maleic anhydride with polyethylene at ten^eratures of 
least about 375 °C. Grafted copolymers are also ava-^l^jbifl: 
commercially from Mitsui Petrochemical Industries under the 
trade mark Admer. 
25 While the use of the graft copolymer in the 

conpositions of the invention may facilitate compatibility 
of filler and polyethylene in the compositions/ the graft 
copolymer has more significant effects on the. physical 
properties of the congpositions and articles fabricated 
30 therefrom. In particular, as is illustrated hereinafter, 

increasing the graft copolymer content of a composition may 
have significant and beneficial effects on, for example, 
toughness properties of the compositions and articles. 

The graft copolymer used in the present invention 
35 has a melt index of less than 100 dg/min. and especially in 
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the range 5-100 dg/min. The preferred range pf melt 4-ntte^;' : 
of ithe graft copolymer tp: 10-30 dg/min. . In ^Bt^&i%Bfi^^iii^t 
coiopositions contain 5 tp 10% by ,w,ei.ght of graft :cqp0p^§^ v ^ 

In.pref erred ^ijfo^ -^•^'••4^^^ 
the conpbpi tion has a shear viscosity at ZOd^C and- .a V^Kea^ ^' 
ratf of 4p:0 sec"" 1 that if not more; than 50 >o£ £hat p£;'ffi£>' 
pb^xeithylene of the composition* Preferably the shear v ' 
viscosity of the graft copolymer is not more than 30% of 
thj^ j :y:"y '\, ' '~ r -ij ! ;-. 

The expositions of .^^\;inyent ipn^ha^e. .-a .^^^^0^; 
i nde* in the range of Of . 0 5 to 4. 0 dg/min. # ^|iiec^ 
2. $^^riii ! n>. *elt index lis measured by the procedure of \ASTM 
£>- izMr (Condition E). ■• ' '< ; : " ' J'r®^ 

The compositions of the invention may be feflt '"-Z 
directly to an extruder equipped for profiled extrusion, ■ ''.5* 
especially the manufacture of sheet. However, in that " k ; 
event, the extruder would need to ( be adapted for Intens^rfe ."-f;" 
mixing as the compositions of the invention require a high, 
degree of mixing both for uniformity of product and for 
extrudability. It is believed that feeding the compositions 
to a single screw extruder not adapted for intensive mixing 
will likely result in processing difficulties. 

It is preferred that the compositions of the 
invention be pre-mixed or compounded prior to being fed to 
an extruder adapted for profiled extrusion, especially the 
manufacture of sheet. For instance, the compositions may be 
compounded using a twin screw extruder, a high intensity 
fluxing mixer e.g. a Gelimat* mixer, a Parrel* continuous 
mixer or a Banbury* mixer. The use of such eguipment is 
illustrated hereinafter. All of such equipment is adapted 
for intensive mixing or compounding of the composition. The 
compounding eguipment should be operated at temperatures of 
less than the decomposition temperature of the filler, it 
being understood that if the composition contains more than 



* denotes trade mark 




one filler, the temperature le lower than the lowest <5»pbin«; 
position temperature: of such fill ere. For example, t^^:^ : y 
teller atu re ; fhou^d not be higher than 200 # C when the 
poh^tni jalumlria trthydri^. \Jt tewperatw^f ^h t ^e« ; •' 
the^ra are weed, the; fi te •r^tyi^^g ^ . 

proiliertleB of the. sheet -dhta^ned may be -af £ ecfced ■ de-J©i§ 

The ^mpos i t ions of the invention, pcjaiEe'ra^y^'^J. 
a cpz^pounded form? are fed to\an extruder equipped for'; ' - - 
profiled extrusion, ^especially the manufacture of sheet • 

poirit of the pol^et but less than the decompo^it;i^f ;v '' 

tei^exature of the filler. The molten composition is ttieln-" 
extruded through-;,; :f qr- exanjpl^ a sheeting die, BMch d^tf^>; : 
being known. The resultant sheet is then cooled. The she^t v 
has a thickness of at least 250 pro, preferably 400 to 60g;6,V ; 
y m and especially 500 to 750 ]im. The thickness of the .'}b^b&?' 
will depends in particular, on the intended end-use.. 

The sheet obtained from the process of the 
'oreeent invention may be used in a variety of end-uses thai^ r ^ 
require or advantageously can utilize flame retardant sheet* 
In particular, the sheet may be used in the cons truct ion aiSjS 
building industries. An example of such use is as a ceiling 
tile. In such an end-use, the sheeting will normally be 
pigmented, especially with a white pigment e.g titanium 
dioxide. For ceiling tiles, it is preferred that the tile 
have sufficient flexibility and toughness to withstand 
handling during installation and cleaning. Ceiling tile . 
made according to the present invention may be cleaned by 
wiping or the like. The ceiling tile may have holes, 
especially holes that have been punched in the tile, or the 
like for acoustical or other reasons. 

As is illustrated hereinafter, embodimemts of 
sheeting of the present invention are capable of meeting the 
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requirements of the burn test set forth in ASTM £-84* 
entitled- *Surfajce; Buiiiiino ctia;ra.cl eristics of Building 
Ma'terlid^'" .XjSe^ to japplicab Je to ; 

exposed surf a'c#s- :e-i Q*"-cet±t:iwg$.. or 'Wa£i|k. provided >fchfc& ^be^Vc^. 



spxte:a.a^a^ortcj: ' £H§|^ eiaotee/-- density Abv^o^^mx^^W 

repor&edv the comparative surface bedng red oak. The tieSfc^ 
e ?^ses?; v£ ^ n^inarjj^ 1 * .p^Sl^pi m0^.^\£t\ ct^^^j^^^^^^ 

fcfflfa flow-' ^an&tf lamlridrtf ire -exposure, • adjusted to spreads t^'"^^S^Pi^^l 



along the entire length of a red oak specimen in 5.5 f\. 



Flame spread is determined from the rate of 
spread of flame on the test specimen; the flame spread ; I - > 
JfiKv " ratittgi^^noWn ^s^Fianie ; Spread Index (jpsi') ; . and d^ci»Sed^1^^; 
ASTM E-84> is determined -from the area under the curve bh^a, ? 
graph of flame spread distance along the test specimen ' x ^: : k 
against time, over the initial period of ten mlnttt&t^^^:^^^^. 
burn test of AS$M E-84. Smoke density (SD) is based. c^.;a||:l 
; .20-- value p&;,zero .for., asbestos-cement board and 1*0:0 for E^lp^ic' 
In both instances lower values represent superior fire: 
retardant properties* Values of less than 150 and 300 for 
FSI and SD, respectively* are deemed to be acceptable for 
many end-uses. Preferred values of FSI and SD are 25 and 
25 50 r respectively* The values reported herein were 

determined by Underwriters Laboratories of Toronto, Ontario* 
•Canada. 

In addition to fabrication of . compositions into 
the form of sheet, as described above* compositions of the 

30 invention may be formed into articles using other processes 
e.g. injection moulding processes* As is illustrated 
hereinafter, a range of compositions may be Injection 
moulded into articles* but it is to be understood that, 
depending on such factors as the physical shape and 

35 characteristics of the mould and the article to be moulded 
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run to. vvfez-j^jfe i^f^-^Tjjg' ■ ^li^jg^:- 




• 2107 (%) - - : ■ '85 ..^s ;;a5i. -?f •• Arm^/. ~ ^ 




C 



. Graft Qj^ymer*** 6 - •■• 5 

> •« '•' ■ • '• ; .-.-,-v.v\-^p^s-:>^- ; ^ 

• (% of cdoposicfe«| ! ;-- 

" Sheet TMckness 900 1275 1025 ;500;> 850 700 • 57^^ : 
20' (nilcrons) 



30 



35 
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». # •• . ••; - •••»-• - . ■ . • 

■da/" ■ ' . . • .. ; ■ • 

Belt Index 

(dg/foin) NA 1.2 1.3 0.6 0.1 0.05 0.2 0.8 
ftirn Test**** . 

FSI 185 255 20 8 24 15 10 2 

SD 110 90 30 10 50 75 28 18 
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« 2907 • ECLAIR 290,7 polyathylant, an .•thy lent 



21# * SCLAIR 2114. polyethylene; an ethylene/bytenerl ^ ; ; ; 
1 copolymer having', a /denaity of 0,,9?ig./cin 3 anJT.-a 



: ••..•*• * • ■ 



-" , Industries, Inc.- pfrNorcross, Georgia,, U.S.*. 

in Runs 1 'ito ,5,- the alumina' trihydrate had ■a. ; ; t" - 
' relatively small particle size; in the other 

; r .■;•-/.- .•- - V--. runs, the alumina trihydrate was an admixture , 

m>: 5 : of relatively small and large particle si'ze^'ln 

a ratio '..off- 'abpujt- ltl» ■ . 

and: 8 ' 
*** in Runs 1 to 6f the graft compolymer was .an^e^lanlbr 

. cally 'unsaturated, carboxylic acid graf ted high ^h^t^L. 

0 ppiy ethylene containing about ingrafted; i^>nomeri j^l^- 

'inSx 'I2 it dg/min. j having a narrow molecular weight' ' " 

distribution. ; 

In Run 7, the graft copolymer was a maleic anhydride 
.5 grafted low density ethylene/butene-1 copolymer 

containing about 0.6% maleic anhydride, melt index 8 
dg/min., having a broad molecular weight 
distribution. 

10 **** Determined by Underwriters Laboratories of Toronto, 

Ontario, according to the procedure of ASTH E-84. In 
Runs 4 to 7, the sheet had punched holes, to simulate 
ceiling tile. 

j 5 **** R uns i and 2 are comparative runs and are not of the 
present invention. 
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Example II 02QT734 



Q^, ..|k".ji(BBivl^# of .^^cw^t^i^'^jsf compounded .wt4':H,9;''.* 




effect of "''a' different cbi^Wtlhirizer in Run 16. Runs 16" anil 
25, for instance , show effects of polyethylene coippositloE; ' 
20 The use of ethylene/methacrylic acid copolymer as 

coapatibiliz-er gave plagues that were not quite as good as 



with the roaleic anhydride graft copolymer but superior -t0 V 1 
the BYK and LICA agents. " T 



25 
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L.-: 290? * SCLAXR 2907 p61y*;thylen** an rthylene '^ii^: 




melt index of 53 dg/miru 



*? Filii^r was alumina trihydrate and titan iuni dioxide &'> '*k * :i - 



5V" .V'.'V^ pfgm^itt. : -The values reported were de'teOTiri^ 



confounded compositions/ from measurements of the ash 
content. The compositions contained 3% by weight pif 
the composition of TiOg. The alumina trihydrate was^ , ; 
HTCfti& 932* f rom'Soiem-ihdust^ 
5 Runs 17 and 18 where SB 332 was used and Run 29. where 

'^■•ini^'re of MICRAL 932 (34%) and SB 332 C30.9i) wa&7 
used, in Run 28, part of the alumina trihydrate was , 
replaced with zinc borate , to give 34.0% alumina 
trihydrate and 30.9% zinc borate (by weight of 
5 con£>osition) . 

*** In Runs 9 to 15, 17 to 19, 28 and 29, the graft 
copolymer was the ethylenically unsaturated acid 
grafted high density polyethylene of Example I. In 
) Hun 24, the graft copolymer was similar except that 

the base polymer was an elastomer, the amount of 
grafted monomer was about 1.7 % and the melt index was 
3 dg/min. 

In Runs 16, 25 and 26, the graft copolymer was the 
maleic anhydride grafted copolymer of Example I. 

- 17 - 
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In Run 20, the graft copolymer was replaced with -'^YK^ . 
53:i:6, -hip organic '-Ml t of \ ca^bo^i $c ••*« i d , oSlt'a^ejJ^;'.;;. 
fT6m;3Si^he.rtie,, JBjBft * of Wali*ng|ord : , Conn . , V..B : Jil0^y^ 



1 ,% 



• „ ..... In Runs -21 tq ^fr the g**f t u pqpolymsr was r?pla^^ ; 

" with W^A Olf L3TCA 0? and ilfeh'H neoalkoxy, tiUpates, 

>>*;/:• • Inc.- 'of ;3ayarine * \N..<I...f • U. S$. ' S^'::^. ; . 

v / , X In Run. 27, the graft copolymer .was replaced w.Iitb J , : . . , . 
: "vX ■ Nucrel* -?ip ethylehe/niethacrylic acid copolymer* 



. • \t . \ ... , 



**** Pressure Drop was determined in the following m^rifi^t 
the corp>psition was extruded through a single scr4w.v.' 
BriibenSef .extruder at l£>0; o C and a Sjcrey speed 6t'-2Q^''" 
' rpm. the' di^ : was"> capillary die: in >Mch.% 
capillary had a diameter of 1.52 mm and a length &£ 
f- 4.57 cm. The pressure in the ex^uder immedpiktel^h 

prior to the capillary die was me^surerd, and is 
:0 reported as the pressure drop across the capillar^- ' .. 

die, in kg/cm^. Pressure drop is a measure of meit 
viscosity of the composition. Low values of pressure 
drop are preferred; values above about 400 kg/cm? 
indicate potential difficulties in extrusion. 
:5 Example III 

A composition was prepared from polypropylene , 
aluminum trihydrate and graft copolymer ♦ The polypropylene 
vas 18%, by weight of the composition, of Profax 7523 poly- 
propylene obtained from Himont Canada Inc. (density 0.898 
0 g/cm 3 f melt flow 5 dg/min) blended with 12%, by weight of 
the composition, of ST 6100 polypropylene obtained from 
Shell Chemical Company (density 0.905 g/cm 3 , melt flow 12 
dg/min). The graft copolymer was a maleic anhydride-grafted 
ethylene/butene-1 copolymer (density 0.924 g/cm 3 , melt 
;5 index 29 dg/min) containing about 0.6% by weight of maleic 
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HUN NO. 


3a 


..•31r- 


'.•32V 


. • 33r ; 


• • -31?- 


• 35c 


•- 36 




Italyethylene(%) 
PoJ^rbpyj,ene (A) 


30 


26. 


, . 26 


- . ' ' 

26 . 










Filler 
(1 of ccnposition) 


56 


68 


68 


68 


65 


65. 


65 


i 


Mean Particle Size 
of Filler (microns) 




1^5 


3.5 


5.8 . 


1.5 


3.5 


5.8 


) 


Graft Copolymer 
(ft of ccnposition) 


6 


6 


6 


6 


6 


6 


6 




Sheet Thickness 
fnicrons) 


640 


640 


640 


640 . 


640 


640 


640 


> 


Barn Test 
FSI 


50 


18 


11 


. 13 


9 


7 


12 




SD 


55 


55 


32. 


47 


45 


42 


72 
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Example IV . 

■ A series of compositions were oompoun^ed ; -;Up:i^ii' ; 
v Gelimat mixer. The polymer was a blend, in a ,ra'tio of %£r : 
/ ; - of SCLAIR 2907 (homopolymer of ethylene r dens ^ 0..W 

• ^C^g/cm^^melt iridex ,5 dg^rnin) and S'CLA^ ^e^ei^.,'' ' _ " - 
^IvfsS^ density 0. 9.24 ^gyc^^m^^l^^x-m^ 

; ig^itfinf polyethylene . The graft copolymer was the eajrne as 

:.v,-, : ; in Example III, . .. . . 4 , * . v . ^.^ i:;l : v 

.- •• "'- •'• The alumina trihydrate was obtained from SadenT .< 

10: Industries and was as follows: ^ . ■* . ' . 

" 'CCj jiTO 9:3® having a mean particle size" of .>v5- nitrons:; 
(ri) ATH 632 having a mean particle size „ of 3, 5 mcrojiis;; and 
• • ; (iii ) ATH 332 having a mean particle size of 10 Tnl-»ons)i\; z 

'A ■ haVingt a "mean;' particle '-BiW-'pf-. ^iC^Qj^^iBl^^-f. 

15 prepared by blending ATH 932 and ATH 332 in a ratio .of fyM^ 
: Sheet was prepared arid ;t6sted ; - u££ngS" 

of Example 11% • Further details and the x^su;%st- bbtalne^v::^^ 
are given -in Table XXX*- as Runs 31-36. ./:*i*7\ 
.. The - resul ts s ' 

20 apparent effect on flame retardant properties* 

Example V 

The series of compositions wejre prepared and 
compounded using a Gelimat mixer. The polymer was 
polyethylene and the filler was magnesium hydroxide. The 
25 confounded compositions were then fed to a single screw 
extruder. 

It was found that the compositions of Runs 37-40 
could be extruded through a Brabender single screw extruder, 
equipped with a 1.9 cm screw and a 20:1 length: diameter 

30 capillary die, using a melt tenperature of 180°C; the method 
was similar to the measurement of pressure drop described ift ' 
Exanple I. However, the composition of Run 41 could not be 
extruded through a single screw extruder equipped with a 8.9 
cm screw and a sheeting die, thereby showing that extrusion 

35 of compositions may be dependent on the equipment being 
used. 

- 20 - 
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Further d'e>t»il« ipf the cpj^osi tlons ' m ^^^j^t :[ 



RUN NO. 



37 



3;B< ■ .3.9 : •. ' ^O^^?:^^:-;^, </*& : :i 



--.■•i-r.-^i-*,-!^ 



18 

12 

65 

•.5 ; 




70 

. 5 



..12 
20 

65 




■ GSr a:f jt ; 'Copcji^me r* 5 v: : y : ' : ; • - • • ■ 
(l of coj^ositioh): \, 

** the graft copolymer was the same as 



65/;'' ■ ;6 : 6. ... .. .v-~ \ 



•. :.. '/ .y 




c 



This Example illustrates th£ preparation ef 
compos itibhs coht&riing magnesium hydroxidi filler 

"". Example ^VI ^ , 

A series of cbpositions were prepared an<$/ 



conpounded using a Gelimat mixer. The polymer wwr 
polyethylene and the filler was aluminum trihydrate 
with either calcium carbonate or zinc borate. 

The compounded compositions of Runs 45 -to<l-:*jB: wece 
extruded into sheet using a single screw extruder equipped 
with a 8,9 cm screw and a sheeting die» 

Further details of .the conjpositions are as follows i 



s 



10 




4: " 

.... .-.i.'" <v^':. ;*ss®w- , •.. 
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£8.3 ' " 26. - v- 3Sv^l v *■ 

. . v •! f - 1 -V. ^.•w**-'' r- > T*v:v.- ,v... . .•.-„■"••-- • ' 1 — 



• , •, ; OaC0 3 .(-%:) ■ . , 
V j : , ' Zinc borate (=%) . , 



Si 



(% of 



* See Table i 



•..-•2fe. ; 




v. , .^.v-v^ -S^ 1 - 
3 . 3 v * 



20 



thydride^rafted copolymer of Exaiijpl e lit. In Run 46V, 
e graft copolymer was the graft copolymer of Ruris 1^6>-\ 
xaraple I). v ;. -• ' . \ 



25 



30 



35 



**■ In Runs 42-45 # Ufe gsaf t copolymer: was 

anhydride-grafted copolymer -of Exan^Ie In Ruin 46>, 

tire 

(Example 

The sheet of Run 4S y^as subjected to the burn test*, 
and values of 4:1 for- FSl-an^ 44 £br S®^ 

This ^ai^l£ illustrates the preparation of. ' 
compositions and shWit in whidS the -fxliSt !&' calcium 
carbonate or zinc borate* 

Example VII 

To illustrate the effect of amount of f iller f a 
series of compositions were prepared and compounded using a 
Gelimat mixer. The polymer was polyethylene, the filler was 
aluminum trihydrate (ATH 332) and the graft copolymer was the 
maleic anhydride-grafted copolymer of Example III. 

Melt index of the compounded compositions was 
measured by the procedure of ASTH D-1238 (Condition E )» 

Further details of the compositions were as 

follows: 

- 22 - 
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c 


RUN NO* 


47 4B *9 


50 


. 51 


52 


.53^ 








.** 


■ ; ? 
.•6. 


6 


'• j olii 




.'Sir' ■* y 


//65> -.: 76 . 

ml 




BO . 


■ 


. • 




CI of CCTipositic 


5 .5 .5 


■ r' 

? 


e. 
i» 


5 






lilt Index** 


3.5 2.7 1.4 


&6 


6 a 


KM 


• >. >'^;* 

km ' - 



15 



* see Example I . ' ' :: . ; ' • <; ! " 

Melt -Index ' cou Id riot be. •measured - for Runs 52 and- S^V'^^-V 
Attempts to measure melt index for the coraposMicm of Run 



51 were hindered because the capillary, of ; ' the' a^araty sV?/>- '€ 



f~ became pluggedt. . • . - ; ^^ ; k'.....; V • . " . ;f V^^SS" 

compositions of Runs. 52 and 53, those compositions 'e^3$^' : ll/)/:^%'^PZ : :' 
• " still be pressed Into plagues. '<:^ 



•A 



'■V- 



25 



The conposition discharged from the Gelimat mixer 
in Runs 47-50 was in the form of a lump of the ^molten 
con?)osition. However in Run 51 the discharged composition 
was in the form of "pellets" and in Run 52" the discharged 
composition was in the form of a "coated powder". 



30 



35 
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: • V. • ,:• : ^.u^er -avails -of, the •.compositions ww* m, v!f ^ M - V • 



C 



20 















PoliJtbylene*: 1 


T ' "' ' V< • '"■ 

• i ■ i rt'.' rf- 


!' IT-"*" .' 

«... y .. . . . 


X : ■ f > 


V V; 




' 2909 (i) '*; 
2907 (** 


- ' 30 

:** . « 


20 


20 




- Xj . 30 


2167 t«F'r ' 
















10 






- '., - 20 


'2914'-(%fK 






if 






070a m " 


1 








30 ..." ■ 


Melt. Index**'' 


0.52 


0.40 


0i75 


0.33 


0.13 0 I.'O: 














Shear Rate*** 




570 


620 


650 


620 - 630 


(sec* 1 ) 












Viscosity*** 


630 


615 


600 


640. 


515 - 540 


(K.secyfe 2 ) 













25 



* See Table I • 

2909 * SCIAIR 2909 polyethylene, am ethylene 

30 homqpolyiner having a density of 0*960 g/cm 3 and 

' a melt index of 13.5 dg/min. 
2914 = SCLAIR 2914 polyethylene, an ethylene 

horaopolymer having a density of 0*960 g/cm 3 and 
a melt index of 50 dg/min. 
35 0701 ■ DC 0701 obtained from Union Carbide Corporation 

a polyethylene having a density of 0.920 g/cm 3 
and a melt index of 5 dg/min. 



r 
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compounded' using a Qeiiinafe mpcer. l Each coniposit lorn: .was , 
sj' prepared* us &^ - -V * <v 

All of tm CQinposlttbns for ined appeared to be 

Pirr+h^r rtVt-rai lfi o£^ the CQmnflRiti one "Arer^ ie^. " r ' 



further de ta i Is /p£< the- compositions ifc ^WE^^'^|^ 



'c 



BON NO. : ■ : . - - 61 62 ; 63 ■' 64V- • 65 

■ is2mm -' •• •• • - . - *e 

ST*i0d:(%) 12 12 12 12 12 

Filler. 
(% of composition) 

ATH 932 (%) 65 65 65 65 65 

Graft Copolymer** 
(% of composition) 

MA-g-2113 5 - - 5 

KA-g-PB - - 5 . 

B-43 - 5 - - 5 

Melt Index*** 0.5 1.2 0.2 0.1 0.8 

(dg/min ) 

Shear Rate*** 259 265 363 245 266 

(sec -1 ) 

Viscosity*** 1250 870 510 1120 850 

^ (H.sec/M 2 ) 

- 25 - 
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A_ * 7523 * PROFAX* 7523 , obtained from Himpjit €«i-n^^. : ^;cr^. • 

K--£/hi:v-3*v> •■ ' • propylene copql^nj'er "hisivif^ 



10 # ft?8; g/cxn? and ailTOit Vflpw.; of 



mean*' iC^nw^.'lftp^^'^ ^!*. ,.■ : iv.': "Ur." > 




t 



grafted i&1&''"-bV^ :by; ^kijjtit- '-ot^M^i^- n . } 
.•' . - -••^•/\;. .anhydride. • : V ' \f'>y-\ y \' l - 

15 E-43 = Epolene* maleated polypropylene wax:, 

; molecular velght;;':aa>oiifc 450* ' • 

The samples obtained in Runs 6i-63, made using : a 
blend of hdrnqpolymer of propylene and copolymer of ethyi^e ' 
" arvd : prppy;|e^7 were brittle* The samples of Run, 65 ;f madfe ^ 
2& using i copolymer of ethylene and propylene and maleated^ r 

' ppl^rqpyr^i& wax. as ''graft copolymer" were ..also ^^^S^-^''''"''' 
In contrast/ the samples of Run 64/ made using a cppqlymer * 
of ethylene and propylene and grafted ethylene copolymer/ 
exhibited a substantially higher degree of toughness. 
25 Example X 

A series of compositions were prepared using 
polybutene as the polymer. The composition was compounded 
using a Geiimat mixer. 

Further details of the compositions were as 

30 follows: 



35 
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C RON-NO. 67 68 It 





65 :if5 

5 .*•'". :.:5- 





wejW pbservable in th^/conppunded eonipositions, inclutf^g ; lit ^ , ^ 
■-'v' 'co^arfaiive. Run 69. . ' • ^' -~ : ' ~ i ; v 

*PB 0300 ■? SHELL E& 0300, obtained from Shell Chemical 

f~ 0-915 and a me^t index of i dg^in. £ / 

^ *0 PB OWO - SHELL PB 0400, obtained from Shell Chemical *V??- ^ ..' J 



Company, a polybutene having a density of pr ? 9f5L 
g/c3p^ ' : «tod^a; melt index ' of ZD*, dg/min . - v^":-..^ ■;- • ".- ; • 
" as in Exanple III 

Example XI ■."//o^-'v- 
25 To illustrate the effect of amount of " T'* 

compatibilizer, a series of compositions were prepared and 
compounded using a Gelimat mixer. In Runs 70-74 below, the 
ratio of SCLAIR 2907 polyethylene i SCLRIft 211 4 ; polyethylene 
was maintained at 3:2/ 
30 The compositions were injection moulded into test 

bars, which were subjected to the procedures of AS IK D 790 
and D 256 to measure flexural modulus and notched Xzod 
impact strength* 

Further details of the compositions and the 
35 results obtained were as follows: 

- 27 - 



"A 



r 
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it--*: '. 




35 



15} Shear Rate ' ^ : ,: 225 225 ' 230 235 220 , 220 ! 215 - " 

■ (sec" 1 ) ' • . ' ' ' ' * 1 "- ' - /- ' ' 

Viscosity ; v 1Q66, X150 1210 1265 1300 1240 1380 - 

. (N.sec/5n 2 j - v *- " -~ lt '.'S ■ ' •• 1' 

20' . : '. .... / . .. & ... 

Flexural Modulus 2.74' 2.08 1588 1.63 1.48 1.20. 1„21 



Notched Isbd^: 48^ 176: \230; 258, ,2Bti"." 2S&^ : .315f;,. 



25 .: ' ■ . 

* see ExanpSi^.X 
** as in Exanple III 

This Exanple ill ustrat es that the amount cf graft copolymer 
30 does have an effect on. melt index and viscosity of the ocnpositions. 
Moreover, the addition of the graft copolymer used in this Exanple 
reduced the stiffness, as measured ty flexural modulus, of the 
oonpositians hut resulted in a substantial increase in the toughness, 
as measured iy notched Izod inpact strength, of the ocnpositions. 
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C claims i : -c 

\. • A f itf^ratardant sheet; ;»8terial havinfir^a^g^y;- . ^ 

^t:'- fit : & : Sy- th4#fcne>s 6f, iat least ::25:bW» ;; «a4d^»heiet ^^x^»i-^9^^§£^i^- a':': 





-uns.aturaT.ea caroaj^xxy *v*h " f " " — T , ^i" ~ • ; ■ - \\ 

. • . - hydrocarbon pblyme|, s^a^ 

" '^ polymer of at least one of. ethylene and butene haying a ~ 
; - ~ :> melt index of less than 1 7 QP dg/roin. , and (iy) -mixtures ■ . :<r ]:_ - ' 

■ -V§' : thileof, with thejprovliso :th^t ;^t .least" 2* by Veig^go^||||^ : ^-. 
f-'-'.': vy: - ■■■\M-'- composition is sal€:gfaff^ c&pril^erj 'and- '"■'/•. • v - ,-• " .-. 

(fcf). 55 to 90% -by weight' of the ec^oeif&on/ '.olgj ;a ,/ 
'C ' filler, said filler c^rising 40 to 100% by weight of . at 

20 f least one of alumina trihydrate and. ma^neslu^i .tySTfxffi^^&\ - 

and. 0r60% by. weight of. at least one of -zinc borate ;ap::^;^: :^ :r:.r 
. - calcium carbonate? . ■ ~ : 'V- 

said composition having a melt index in the range Of 0 i 05 
to 4.0 dg/min.; and 
25 said f ire-retardant sheet having a Flame Spread Index of 
less than 150 and a Smoke Density of less than 300, as 
measured by the procedures of ASTM E-84. 

2. The sheet material of Claim 1 in which the 
graft copolymer is formed by grafting at least one of an 

30 ethylenically unsaturated carboxylic acid and an anhydride 
thereof onto a homopolymer of ethylene or a copolymer of 
ethylene and at least one C4-C10 hydrocarbon 
alpha-olefin, or admixtures thereof. 

3. The sheet material of Claim 1 or Claim 2 in 
35 which the polyolef in is a homopolymer of ethylene or a 

copolymer of ethylene and at least one C4-C10 
C hydrocarbon alpha-olefin, or mixtures thereof. 
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.C . ;;,"a';v. 4. The sheet,- material jD* y^^^.^ K -C^m^r-%^^[ ( 

V S:--^;ich:^jie icpn^oB^ionvpo^ri-sieB; 3:5*Jby^,i$h£ 
' p^y^eSin..ahd 55 to y^ht:-^MW&'' 




'82 



The sheet material of any one of Claims .1-7 !^ri 



' '15 which the sheet mater^i has a Flame Spread Index of less 1 ' 

than 25 and a Smoke Densi ty pf less, than 50*. , - , , : . .', 



|... - '' 9.' The sheet material of any one of Claims 1^8|i3p^ , 

|^ : '' : vv which the polymers pf ethylene have densities in the range;, 

4r<-..--: J .:v; :;: '^; : ^Of/'pvag^ to 0.965 g/cm3. - \ ; „ l^fCT 

1 10. The sheet material of any one of Claims 1-9 - 



. in.wh^h-.the polymers of ethytene^ h^v$ densities; ' ii£;^e^ , ^ 

range of 0.935 to 0.955 g/cm3. - . ; # 

11. The sheet: material of any one of Claims 1^1^' . v f 
in which the polyolef in contains 2 to 201 -'by weight of- - 

25 graft copolymer. 

12. The sheet material of any one of Claims 1-11 
in which the polymer of ethylene blended with the graft 
copolymer is 55 to 75% by weight of polymer of ethylene 
having a melt index of 3 to 10 dg/min. and 25 to 45% by 

30 weight of polymer of ethylene having a melt index of 30 to 
80 dg/min. 

13. The sheet material of any one of Claims 1-12 
in which the polyolef in has a melt index in the range of 5 
to 30 dg/min. 

35 
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14. The sheet material of any one of Cla/^ma;;.^. T 
in which the graft copolymer has a melt index in thf 

of 5 to aoq^dg/min. 'h'^xSM W^^^S>^ 

The sheet material of any one- of Cl^p^^J^|^ 





a poller* of = : :at; ; leas£.' pn^,.;pf V^h^e.n(| 
; a me'ltv'^hdex of ■les^.;:ti^ttn : IQ'ttidg/miiS 
(iv) mixtures thereof , with the proviso that at le^st 2* by ; .... t 

■ ' ; weigh.t^.-'bf the ' composition is said graf t ' copolymer ; and ']} C /' " ^ . 
'25:.. . ;^^ ;V y (b) 55 to 75% by weight of the- congos"^ 

filler, said filler comprising 40 to 100% by weight of at 
least one of alumina trihydrate and magnesium hydrdxia^K \ 
and 0 to 60% by weight of at least one of zinc borate and 
calcium carbonate; 
30 said composition having a melt index in the range of 0.Q5 
to 4.0 dg/min.r 

(B) heating said composition to a temperature 
above the melting point of the polyolefin but less than the 
temperature of decomposition of the filler; and 
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(C) extruding said molten composition through * 
sheeting die. and cooling ;tnis sheet so obtained,, fa id s^eg; 
having a thickness of a't^lekst '250 pm. . 

" .The ;pioces^.c^;Cl»^m 17 in which the 



conu>66itton. has ^n'-copu^ed .'prior to being, '^-tc^w [' w -"" " 

extruder adapted for ex£rus*pn ; pf ^shee*. . : s - t , . 

*e .graft cQpolyjnerts formed by -grafting at least one of; 

_' ...^.r^ 5 M..rhBwliie .seWSBiff : «n; v .:.^i„' "Tx 




'• I!?!: Tlie.proce| of; any one of Claims ^7 r 2^^?;; ^ V..#|| 

which the pplyoief^n is a blend of oraf t copbl^^ .and, a,t, V, ~; 

least 6ne of a ho^opolymer of ethylene, and a/;eppc^er^<?£ - - W . . • • • S| 
ethylene and^at leas^ phe C^-Cio hydrocarbon ' .^'l" .. V.'^^,' v',.;; 



•3 •'• 



25 '"' - 23. The process of any one of Claims" 17-22 in .. 

which the polymers of ethylene have densities in the range 
of 0.890 to 0.965 g/cm3. 

24. The process of any one of Claims 17-23 in 
which the polymers of ethylene have densities in the range 

30 of 0.935 to 0.955 g/cm3. 

25. The process of any one of Claims 17-24 in 
which the polyolef in contains 2 to 20% by weight of graft 
copolymer. 

26. The process of any one of Claims 17-25 in 
35 which the polymer of ethylene blended with the graft 

copolymer is 55 to 75% by weight of polymers of ethylene 
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having a malt index of 3 to 20 tig/tain* and 25 to 451 
weight of polymers of ethylene having a melt index ott\-W^$p;''' 
$0 d g/jn ln. ■ / .:; : ^$fi$k 

''V^-./r-^: 27. The process pf any. one of -Claims '"i77r2^ 

which; the poly olefin has a melt index in the range'-of ; ::5:|i2v; 
'M^v^-Vl: ■ 30 dg/frin . , • 

■ .'V , : . -v^-^ i. ?&• Whej.ippocess; ^pf/ •-ftw^.j©^^ :ci^^a i ijp^. l^r^'^^y^^ 

o^-r'S^ '• which the graf t copolymer has a melt index in the : rari||^;||^ 
- ' £ • 5 to 100 dg/min. ° ' . «; " r • < : ' - ^|t|^ |;;| 

^ll- : ^'S3SPl 29. A composition comprising: ■ 




''; ¥5 hydrocarbon alpha-olefin having 3 to 10 carbon atoitis-, '^iMi 

^^"'"^Xat^iBast 1 piie of an 




acid or derivative thereof onto a hydrocarbon poller, ^sairx3 1 
hydrocarbon polymer being a polymer of at least one 
20 ethylene and btitene, and (iv) mixtures- thereof;, with ^h£ 
. proviso that at least 2% by weight of the composition is;,--, 
-.said graft copolymer i and 

(b) 55 to 90% by weight of the composition of a 
filler, said filler comprising 40 to 100% by weight of at 
25 least one of alumina trihydrate and magnesium hydroxide, 
and 0 to 60% by weight of at least one of zinc borate and 
calcium carbonate, 

said composition having a melt index in the range of 0.5 to 
4.0 dg/min. 

30 30. The composition of Claim 29 in which the 

polyolefin is a homopolymer of ethylene or a copolymer of 

ethylene and at least one C4-C10 hydrocarbon 

alpha-olefin, or mixtures thereof* 

31. The composition of Claim 29 or Claim 30 in 
35 which the graft copolymer is formed by grafting at least 

one of an ethylenically unsaturated carboxylic acid and an 
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anhydride thereof onto a ho^pp^yintr of ethylene pr a 
copibiymer ethylene anil a;t r ;^ast^n^ CjHCS&fi '~ 
hydrocarbon alpfii!-ol*f thrri'ot* - ■ « --,.^\ 

: 32* TH^bnipow^^ \ ' \ *• fy 

which the cacid is mal#ic acild and the anhydride is .maleJLc^ : . - y 





which the polymers of ethylene : ft* ve densities in the range . . :l 
of 0.890 to ,0.965 g/cm3. 4 

35* The conpo&it'iorf of any one of Claims: 29-34 tn > . 

which the polymers of ethylene have- densities in the range 

of 0. 935 to 0 . 955 g/cm?. - ' ; :\ 

36 • Th# compos i tion qff any one of Claims; 
which the pblyoief in contains : 2 to 21* 1^ .wiflht 

copbSyiper.^ - ^ • \ t - .\ ^ rJ-rf * - - f V- 

3,7* The composition of any one of Claims 29-36 in 
which the polymer of ethylene blended with the graf t. / 
copolymer is 55 to 75% I?yi weight ctf ^olpieir of etliyMne v ' 

having a melt iridiex of " i; [to '10 dg/min. ■ Mtifr 25 to JlS% 't>y ^ r ^ . 

weight of polymer of ethylene having a melt index of 30 to 
80 dg/min. 

38. The composition of any one of Claims 29-37 in 
which the polyolefin has a melt index in the range of 5 to 
30 dg/min. 

39. The composition of any one of Claims 29-38 in 
which the graft copolymer has a melt index in the range of 
5 to 100 dg/min. 

40. The composition of Claim 29 in which the 
polyolefin is a copolymer of ethylene and propylene. 

41. The composition of Claim 29 in which the 
polyolefin is polybutene. 
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